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[57] ABSTRACT

A method is described for cleaning a silicon surface of
a semiconductor wafer in a vacuum chamber while
radiantly heating said silicon surface to0 maintain it
within a first temperature range in the presence of hy-
drogen gas; then quickly cooling the wafer down to a
second temperature range by reducing the radiant heat;
and then forming a layer of either polysiicon or oxide
over the cleaned surface within this second temperature
range without removing the cleaned wafer from the
chamber. By cleaning the wafer and then depositing
polysilicon or growing oxide over the cleaned silicon
surface in the same vacuum chamber, formation of ox-
ides and other contaminants on the cleaned silicon sur-
face between the cleaning step and the deposition or
growth step is inhibited, resulting in a higher quality
polysilicon or oxide layer formed over the cleaned sili-
con surface.

24 Claims, 2 Drawing Sheets
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IN SITU METHOD FOR CLEANING SILICON
SURFACE AND FORMING LAYER THEREON IN
SAME CHAMBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the fabrication of semi-con-
ductor devices. More particularly, this invention relates
to a method for cleaning a silicon surface to remove
native oxides and other contaminants in situ and then
forming a layer, such as a layer of polysilicon or a layer
of oxide, over the cleaned silicon surface in the same
chamber.

2. Description of the Related Art

Dunng the fabrication of semiconductor devices on
silicon wafers, various structures are formed on a silicon
substrate. The quality of the semiconductor device is a
function of the accuracy with which these structures
are formed, as well as the cleanliness of the environment
in which the semiconductor device is processed. As
device geometries become smaller, for example, using
submicron design rules, impurities and contaminants
exact an unacceptable toll on semiconductor device per
wafer yields.

A critical step during the process of fabricating cer-
tain semiconductor devices involves depositing a layer
of polysilicon on the silicon substrate. In current prac-
tice, such deposition is commonly accomplished
through use of a low pressure chemical vapor deposi-
tion (LPCVD) process. In the LPCVD process, a
source of silicon-containing gas, such as, for example,
silane or disilane, 1s provided to a chamber containing
one or more silicon wafers having a silicon surface on
which a polysilicon layer is to be deposited. The gas
mixture flowing into the chamber may also include one
Or more gases containing dopants such as phosphorus,
boron, or arsenic. Examples of such dopant gases in-
clude phosphine, arsine, diborine, tertiary butyl phos-
phine, tertiary butyl arsenic. The silicon wafers are then
heated to a deposition temperature, and the gases are
fed into the chamber where they are decomposed,

thereby depositing a polysilicon layer on the surface of

the silicon wafer.

A common practice is t0 deposit a polysilicon layer
onto a silicon substrate in one or more low pressure
chambers as part of a time-consuming sequence of pro-
cessing steps. In the prior art LPCVD system illustrated
i F1G. 1, a chamber 10 received a boat 11 that contains
a plurality of silicon wafers 12. A gas fed into chamber
10 from gas source 13 is controlled by a flow controller
14. The gas enters chamber 10 from gas inlet port 15 and
flows across wafer 12 in the direction indicated by the
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arrows 1n the figure. A low pressure, i.e. a pressure of 55

about 300 mlliTorr, is maintained in chamber 10 by
exhaust system 16. Three separately controlled heater
elements 17 are included in the system to provide local-
1zed temperature variations within chamber 10 that
compensate for localized variations in reactant gas con-
centrations within chamber 10.

Another pnior art batch-type LPCVD chamber is
llustrated in FIG. 2. A plurality of wafers 21 are
stacked vertically within the chamber. Reactant gases

60

are injected into the chamber through a plurality of 65

apertures 23 formed 1n a gas injector 22. Gas injector 22
1s conventionally situated between two rows of wafers

21.
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Unfortunately, however, the use of such prior art
chambers also encourages the growth of native oxides
and other contaminants. Native oxides may also be
formed on the wafer surface during prior processing
steps which expose the wafers to ambient conditions.
Some prior art processes include various cleaning steps
prior to deposition of polysilicon, or growth of an oxide
layer, but the cieaned wafers are usually still exposed to
the ambient atmosphere after such cleaning, and native
oxides therefore have the opportunity to grow on the
wafer surface prior to the polysilicon deposition or
oxide growth step.

Handling of multiple wafers, e.g. in a wafer boat, at
multiple processing stations during the semiconductor
device fabrication process is a particularly acute prob-
lem with regard to the formation of native oxides, or the
introduction of other impurities to the wafer surfaces.
The waters take significant time to load into the cham-
ber—on the order of thirty minutes,. During the loading
step, air 1s present around and about the wafers and,
therefore, a native oxide layer may readily form on the
newly cleaned silicon surface of the wafer. This prob-
lem is exacerbated by the fact that such native oxide
forms in a nonuniform manner, i.e., the first wafer in the
chamber may grow a thicker layer of native oxide. This
can result in a batch of integrated circuit structures
having difterent electrical properties depending on the
particular wafer upon which the integrated circuit
structures were formed.

To achieve acceptable semiconductor device yield
per silicon wafer in those applications where a polysili-
con layer 1s deposited (or an oxide layer grown) on a
silicon surface of the wafer, the silicon surface of the
water must be absolutely free of contaminants and im-
purities, such as native oxides, before forming the de-
sired layer thereon. Otherwise, such contaminants and
Impurities present at the interface between the silicon
surface of the wafer and the layer formed thereover
may interfere with the electrical properties of the inte-
grated circuit structures therein, resulting, for example,
in device noise, degraded performance, or even total
failure of the integrated circuit structure.

The formation of native oxide and the presence of
various contaminants on the silicon surface of a wafer
becomes an mcreasingly serious problem as device ge-
ometries become smaller. Since such native oxides form
randomly on the silicon surface of the wafer, control
and reproducibility during the semiconductor device
fabrication process are degraded.

Native oxides also present a serious problem, for
example in bipolar emitter technology, where a very
thin (e.g., 20 Angstroms), but uniform, oxide layer is to
be grown on the silicon surface of the wafer; as well as
inhibiting effective polysilicon deposition. That is, very
thin and uniform oxide layers as are required, for exam-
ple, in submicron semiconductor device structures,
cannot be predictably produced when random native
oxide 1s already present on the underlying silicon sur-
face. Rather, an intentionally grown oxide layer over
such native oxides will have undesired raised or thick
portions at points where native oxides are present on the
wafer surface beneath the grown oxide layer. Addition-
ally, such native oxides may include various contami-
nants. Therefore, the formation of a high quality oxide
layer on a silicon surface is degraded when such native
oxides are present.
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SUMMARY OF THE INVENTION

The present invention is a method for providing a
clean interface between a single crystal silicon wafer
substrate and a deposited polysilicon layer. A silicon
wafer 1s initially processed under pressure on the order
of 5~100 Torr and in the presence of hydrogen as a
reactant gas in a single wafer chamber at a temperature
in the range of 800° to 950° C. The hydrogen gas sup-
plied to the chamber removes native oxides and other
contaminants from the surface of the wafer at this tem-
perature. After removal of native oxide is effected,
typically 0.5 to 4.0 minutes of hydrogen gas processing,
the temperature is lowered to about 650° C., at which
point a polysilicon layer may be deposited on the sub-
strate. The substrate/deposited layer interface thus
formed is of exceptional quality and is readily con-
trolled at submicron geometries with great accuracy
~and reproducibility. Because all processing occurs in
situ, i.. in the same chamber, handling is minimized,
thereby eliminating the possibility of introducing con-
taminants to the process and also significantly reducing
processing time.

In another embodiment of the invention, an oxide
layer, which may comprise a very thin oxide layer, may
be grown on the newly cleaned silicon surface of the
wafer in the same chamber after the native oxide and
other contaminants are removed therefrom. The result-
ing grown oxide layer, even if very thin, will be uniform
due to the absence of native oxides beneath the grown
oxide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a schematic representation of one type of
prior art LPCVD reaction chamber.

FIG. 2 1s a schematic representation of another type
of prior art LPCVD reaction chamber.

F1G. 3 1s a schematic representation of a reaction
chamber which may be used in the practice of the
claimed invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is a method for cleaning a
silicon surface of a semiconductor wafer in a vacuum
chamber within a first temperature range in the pres-
ence of hydrogen gas; then cooling the wafer down to
a second temperature range; and then forming a layer of
either polysilicon or oxide over the cleaned surface
within this second temperature range without removing
the cleaned wafer from the chamber.

For purpose of illustration, the present process is
described with reference to FIG. 3 which illustrates a
single wafer reactor 31 which includes a top wall 32,
side walls 33, and a bottom wall 34 that define a cham-
ber 30 into which a single semiconductor wafer 35,
having a silicon surface, is loaded. Top wall 32 and
bottom wall 34 are both substantially transparent to
light, at least of infrared frequency, to allow external
radiant heating of wafer 35 within chamber 30 as will be
described below. Typically, top wall 32 and bottom
wall 34 are formed of a high strength, transparent mate-
rial such as quartz, which has the property of being
transparent to light at infrared, visible, and UV frequen-
cies while having relatively high strength to support a
large pressure differential across the walls at a low rate
of outgassing.
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Water 35 1s radiantly heated in chamber 30 by light of
infrared frequency from high intensity lamps 38 and 39,
located respectively above and beneath chamber 30,
which respectively radiate heat to wafer 35 through top
wall 32 and bottom wall 34.

Wafer 35 1s mounted on a pedestal 36 in chamber 30
which pedestal is rotated by a motor 37 to provide a
time averaged environment for the wafer that is cylin-
drically symmetric, i.e. to provide a more uniform expo-
sure of the wafer surface to the radiant heat from lamps
38 and 39, and to the gases concurrently flowing
through chamber 30.

Reactant gases flow from a gas input port 310 across
wafer 35 to an exhaust port 311. A gas manifold (not
shown) may be coupled to gas input port 310 to provide
one gas or a mixture of two or more gases as required by
the current semiconductor device fabrication process
step. A laminar gas flow profile -input port 310 to ex-
haust port 311—is typically maintained within the
chamber in such a manner to optimize processing uni-
formity. Other flow profiles may be provided if re-
quired.

A wafer to be processed in accordance with the pres-
ent invention 1s placed in a reaction chamber of the type
described above. The chamber is maintained at a pres-
sure on the order of from about 5 to about 100 Torr,
with a typically pressure of about 25 Torr during this
initial cleaning step.

A flow of hydrogen gas is introduced into the cham-
ber at a flow rate equivalent to a flow rate of from about
5 to about 50 liters per minute, typically about 20 liters
per minute through an 11 liter chamber.

A variety of factors affect optimum hydrogen gas
flow and chamber pressure. For example, lower cham-
ber pressures allow contaminants to be removed more
readily from the wafer surface; higher hydrogen gas
flow rates provide enhanced contaminant stripping
action. Although such combinations of high hydrogen
flow rates and low chamber pressure may produce
more effective native oxide removal, they require large
and expensive pumping equipment for proper operation
with standard equipment. Therefore, while the cleaning
step may be carried out using a lower pressure and a
higher hydrogen flow than the ranges specified, opera-
tion within the specified ranges will be found to provide
the desired amount of removal of oxides and other con-
taminants while still operating the process in an eco-
nomical manner.

The wafers are heated in the chamber to a tempera-
ture 1n the range of from about 800° to about 950° C.
prior to commencing the flow of hydrogen into the
chamber. To effect removal of oxides and other con-
taminants from the silicon surface, the wafer is main-
tained at this temperature for a period of from about 0.5
to about 4 minutes while continuing the hydrogen flow.
Typically the wafer is maintained at this temperature
for about 1 minute while continuing the hydrogen flow
through the chamber. Temperatures and heating times
within these ranges may be variously adjusted as
needed.

After removal of oxides, such as native oxides, and
other contaminants from the silicon surface on the wa-
fer, and without removing the cleaned wafer from the
reaction chamber, the wafer temperature is lowered to
a range of from about 550° C. to about 750° C., prefera-
bly from about 600° C. to about 700° C., within which
temperature range a layer of material, such as, for exam-
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ple, a polysilicon layer or an oxide layer, may be formed
over the cleaned silicon surface.

This step of cooling the wafer, and the silicon surface
thereon, down to the second temperature, is particu-
larly critical as prolonged heating and cooling using 5
previously practiced techniques, takes significant time
during which time native oxides and other contaminants
readily form on the newly cleaned silicon surface prior
to formation of the subsequent layer thereon. Process-
ing wafers one at a time using radiant heat to quickly 10
heat and/or cool the wafer (by shutoff or reduction of
the radiant heat), eliminates this source of contamina-
tion because wafer temperatures are quickly raised to
the 1initial cleaning temperature and then quickly Iow-
ered to the second (layer forming) temperature when 15
processed 1n accordance with the mvention.

Furthermore, the risk of undesirable oxide formation
and other contamination of the newly cleaned silicon
surface is further reduced by carrying out both the
cleaning step and the subsequent formation of a layer of 20
matenial over the newly cleaned surface in the same
chamber. This 1s very important since even the presence
of trace amounts of residual gases from other processes
may contaminate the newly cleaned silicon surface if
the wafer is moved to a different chamber to form a 25
layer of matenial over the cleaned silicon surface.

For example, if the silicon surface on the wafer is
cleaned 1n a first chamber and then the wafer is moved
to a second chamber where processing had been previ-
ously carried out using nitrogen, if the silicon surface 30
has not cooled sufficiently during the transfer, i.e.,
below 800" C., traces of undesirable nitrides may be
formed on the cleaned silicon surfaces even if both
chambers are maintained under vacium and the wafer is
moved from one chamber to the other through a vac- 35
uum load lock mechanism, as 1s sometimes practiced in
the prior art.

After the wafer has cooled down to within the broad
range of from about 550° C. to about 750° C., or the
preterred range of from about 600° C. to about 700° C., 40
and while maintaining the reactor chamber within a
pressure range of from about 25 Torr to about 150 Torr,
preferably from about 80 Torr to about 100 Torr, a -
polysilicon layer may be deposited over the cleaned
silicon surface by flowing into the reaction chamber and 45
over the cleaned silicon surface on the wafer a gaseous
mixture of a silicon-containing gas such as, for example,
stlane or disilane gas; and a hydrogen carrier gas.

The ratio of silicon-containing gas to hydrogen car-
rier gas should range from about 1:50 to about 1:10. 50
Thus, for example, using an 11 liter reaction chamber,
the flow of hydrogen carrier gas may range from about
J000 standard cubic centimeters per minute (sccm) to
about 10,000 sccm; while the flow of silicon-containing
gas, when silane is used, may vary from about 100 sccm 55
to about 100 sccm, or from about 10 sccm to about 100
sccm when disilane gas is used as the source of silicon.

In an alternate embodiment, where it is desired to
grow an oxide layer over the cleaned silicon surface,
the wafer 1s again cooled down to within the broad 60
range of from about 550° C. to about 750° C., or the
preferred range of from about 600° C. to about 700° C.,
the flow of hydrogen is shut off, and an inert gas such as
argon or helium is flowed through the chamber for a
period of at least about 1 minute to purge hydrogen. 65

An oxygen layer, which may be a very thin layer,
e.g., as thin as 20 Angstroms if desired, may then be
grown on the silicon surface by flowing oxygen into the

6

reaction chamber and over the silicon surface, while
maintaining the pressure within the reaction chamber
within a range of from about 5 to about 100 Torr, typi-
cally about 25 Torr. The oxygen gas may be flowed
solely into the reaction chamber, but preferably the
oxygen gas 1s mixed with an inert or non-reactive car-
rier gas, such as helium, argon, or nitrogen, in an
amount ranging from about 0.1 to about 10 volume %
oxygen, preferably from about 0.5 to about 5 volume %
oxygen, and typically about 1 volume %, in the mixture.
The amount of time the oxygen is allowed to flow will
depend on the desired thickness of the oxide layer, as is
well known to those skilled in the art. The flow rate of
the gaseous mixture of oxygen and carrier gas into the
reaction chamber is equivalent to a flow rate ranging
from about 3000 to about 10,000 sccm into an 11 liter
chamber.

A polysilicon layer may then be deposited over this
new grown oxide layer, again without removing the
watfer from the reaction chamber, by discontinuing the
flow of oxygen into the chamber; purging the chamber
with an inert gas such as argon or helium, or a nonreac-
tive gas such as nitrogen for a period of at least about 1
minute; and then flowing into the chamber a mixture of
hydrogen and a silicon-containing gas such as previ-
ously described with respect to the deposition of a
polysilicon layer directly over the cleaned silicon sur-
face.

Thus, the invention provides an improved process for
the formation of either a polysilicon or oxide layer on a
silicon surface of a semiconductor wafer wherein the
silicon surface i1s cleaned at a first temperature using
hydrogen gas and an optional plasma using radiant heat
to quickly heat the wafer surface to the desired cleaning
temperature, and then, without removing the wafer
from the vacuum chamber, the silicon surface tempera-
ture 1s quickly reduced down to a second and lower
temperature at which temperature a layer is formed
over the cleaned silicon surface in the same vacuum
chamber erther by growing an oxide layer or by depos-
iting a polysilicon layer.

Although the invention has been described herein
with reference to the chamber illustrated in FIG. 3, and
with reference to particular temperatures, gas pressures,
flow rates, and other parameters, one skilled in the art
will readily appreciate that other chambers, tempera-
ture ranges, flow rates, reactants, and pressures may be
substituted without departing from the spirit of the
imvention. Accordingly, the invention should only be
limited by the claims.

What 1s claimed is:

1. A method for processing a semiconductor wafer
having a silicon surface thereon to form a layer over
said silicon surface which comprises:

a) heating said silicon surface in a vacuum chamber to

a first temperature ranging from about 800° C. to
about 950° C.:

b) then flowing hydrogen through said vacuum
chamber while maintaining said wafer at said first
temperature to thereby clean said silicon surface on
said wafer;

c) thereafter, without removing said wafer from said
vacuum chamber, cooling said silicon surface
down to a second temperature with a range of from
about 550° C. to about 750° C.; and

d) then forming a layer on said cleaned silicon surface
of said semiconductor wafer in said same vacuum
chamber while continuing said heating of said sili-
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con surface to maintain said surface at said second
temperature.

2. The method of claim 1 wherein said step of heating
said silicon surface on said wafer to said first tempera-
ture further comprises using radiant heat from a heat
source outside of said chamber to heat said silicon sur-
face.

3. The method of claim 1 wherein said step of cooling
said silicon surface down to a second temperature fur-
ther comprises cooling down said silicon surface to a
temperature ranging from about 550° C. to about 750°
C. by reducing said radiant heating of said silicon sur-
face.

4. The method of claim 1 wherein said step of cooling
said silicon surface down to a second temperature fur-
ther comprises cooling down said silicon surface to a
temperature ranging from about 600° C. to about 700°
C. by reducing said radiant heating of said silicon sur-
face.

5. The method of claim 1 which further includes
maintaining said vacuum chamber at a pressure within a
range of from about 5 Torr to about 100 Torr in step ¢)
while flowing hydrogen through said chamber.

6. The method of claim 5 wherein said hydrogen is
flowed through said vacuum chamber in step c) at a
flow rate equivalent to a flow rate of from about 5,000
sccm to about 50,000 sccm through an 11 liter chamber.

7. The method of claim 6 wherein said hydrogen is
flowed through said vacuum chamber in step c) for a
period of at least about 0.5 minutes.

8. A method for processing a semiconductor wafer
having a silicon surface thereon to form a layer over
sald silicon surface which comprises:

a) radiantly heating said silicon surface on said wafer
in a vacuum chamber to a first temperature ranging
from about 800° C. to about 950° C.;

b) flowing hydrogen through said vacuum chamber
for a period of at least about 0.5 minutes at a flow
rate equivalent to a flow rate of from about 5,000
sccm to about 50,000 sccm through an 11 liter
chamber while maintaining a pressure within a
range of from about 5 Torr to about 100 Torr and
while maintaining said first temperature to clean
said silicon surface on said wafer to remove oxide
and any other contaminants from said surface;

c) without removing said wafer from said vacuum
chamber, cooling said silicon surface down to a
second temperature ranging from about 550° C. to
about 750° C. by reducing said radiant heating; and

d) forming a layer on said cleaned silicon surface of
said semiconductor wafer in said same vacuum
chamber while maintaining said silicon surface at
said second temperature by said radiant heating of
said silicon surface.

9. The method of claim 8 wherein said step of radi-
antly heating said silicon surface on said wafer to said
first temperature further comprises using radiant heat
from a heat source outside of said chamber to heat said
silicon surface.

10. The method of claim 9 wherein said step of form-
g a layer on said cleaned silicon surface further com-
prises depositing a layer of polysilicon over said cleaned
stlicon surface.

11. The method of claim 10 wherein said step of de-
positing said layer of polysilicon further comprises
tflowing a silicon-containing gas into said vacuum cham-
ber while maintaining said chamber at said second tem-
perature.
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12. The method of claim 11 wherein step of flowing
said silicon-containing gas into said vacuum chamber
further comprises flowing a mixture of hydrogen and
said silicon-containing gas into said vacuum chamber at
a rate equivalent to the flow of from 5,000 sccm to
about 10,000 sccm into an 11 liter vacuum chamber in a
silicon-containing gas to hydrogen volume % ratio of
from about 1:50 to about 1:10.

13. The method of claim 12 wherein said step of de-
positing a layer of polysilicon further comprises main-
taining a pressure of from about 25 Torr to about 150
Torr 1n said vacuum chamber during said deposition.

14. A method for processing a semiconductor wafer
having a silicon surface thereon to form a layer over
said silicon surface which comprises:

a) radiantly heating said silicon surface on said wafer
In a vacuum chamber to a first temperature ranging
from about 800° C. to about 950° C.;

b) flowing hydrogen through said vacuum chamber
tor a period of at least about 0.5 minutes at a flow
rate equivalent to a flow rate of from about 5,000
sccm to about 50,000 sccm through an 11 liter
chamber while maintaining a pressure within a
range of from about 5 Torr to about 100 Torr and
while maintaining said first temperature to clean
said silicon surface on said wafer to remove oxide
and any other contaminants from said surface;

c) without removing said wafer from said vacuum
chamber, cooling said silicon surface down to a
second temperature ranging from about 550° C. to
about 750° C. by reducing said radiant heating; and

d) depositing a layer of polysilicon on said cleaned
silicon surface of said semiconductor wafer in said
same vacuum chamber by flowing a silicon-con-
taining gas into said vacuum chamber at a rate
equivalent to the flow of from 10 sccm to about
10,000 sccm into an 11 liter vacuum chamber while
maintaining a pressure of from about 25 Torr to
about 150 Torr 1n said vacuum chamber and while
maintaining said silicon surface at said second tem-
perature by continuing to radiantly heat said sur-
face.

15. The method of claim 14 wherein said silicon-con-
taining gas is selected from the group consisting of
silane and disilane.

16. The method of claim 9 wherein said step of form-
ing a layer on said cleaned silicon surface further com-
prises growing a layer of oxide over said cleaned silicon
surface.

17. The method of claim 16 wherein said step of
growing said layer of oxide further comprises first flow-
ing into said chamber a non-reactive gas to purge hy-
drogen from said chamber; and then flowing into said
vacuum chamber a gaseous mixture comprising a non-
reactive gas containing at least about 0.5 volume %
oxygen, while continuing to radiantly heat said silicon
surface to maintain said surface at said second tempera-
ture.

18. The method of claim 17 wherein step of flowing
said gaseous mixture containing oxygen into said vac-
uum chamber further comprises flowing said gaseous
mixture into said vacuum chamber at a rate equivalent
to the flow of from 3,000 sccm to about 10,000 sccm
into an 11 liter vacuum chamber.

19. The method of claim 18 wherein said step of
growing said layer of oxide further comprises maintain-
ing a pressure of from about 5 Torr to about 100 Torr in
said vacuum chamber during said oxide growth.
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20. A method for processing a semiconductor wafer
having a silicon surface thereon to form a layer over
said silicon surface which comprises:

a) heating said silicon surface on said wafer in a vac-
uum chamber to a first temperature ranging from
about 800° C. to about 950° C.;

b) flowing hydrogen through said vacuum chamber
for a period of at least about 0.5 minutes at a flow
rate equivalent to a flow rate of from about 5,000
sccm to about 50,000 sccm through an 11 liter
chamber while maintaining a pressure within a
range of from about 5 Torr to about 100 Torr and
while maintaining said first temperature to clean
said silicon surface on said wafer to remove oxide
and any other contaminants from said surface;

c) without removing said wafer from said vacuum
chamber, cooling said silicon surface down to a
second temperature ranging from about 550° C. to
about 750° C.;

d) flowing a non-reactive gas through said chamber
to purge hydrogen from said chamber; and

e) growing a layer of oxide on said cleaned silicon
surface of said semiconductor wafer in said same
vacuum chamber by flowing into said vacuum
chamber at a rate equivalent to the flow of from
about 3,000 sccm to about 10,000 sccm into an 11
liter vacuum chamber a gaseous mixture compris-
ing at least 0.5 volume % oxygen with the balance
comprising a nonreactive gas while maintaining a
pressure of from about 5 Torr to about 100 Torr in
said vacuum chamber and while continuing to
radiantly heat said silicon surface to maintain said
surface at said second temperature.

21. The process of claim 20 which includes the fur-
ther step of depositing a layer of polysilicon over said
oxide layer without removing said wafer from said
vacuum chamber.

22. A method for processing a semiconductor wafer
having a silicon surface thereon to form a layer over
said silicon surface which comprises:

a) placing said wafer in a vacuum chamber;

b) heating said silicon surface to a first temperature of

from about 800° C. to about 950° C. to clean said
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silicon surface on said wafer to remove oxide and
any other contaminants from said surface;

c) then flowing hydrogen through said vacuum

chamber, at a flow rate equivalent to a flow rate of
from about 5,000 sccm to about 50,000 sccm
through an 11 liter chamber, while maintaining said
chamber at a pressure of from about 5 Torr to
about 100 Torr, and while maintaining said wafer
at said first temperature to thereby clean said sili-
con surface on said wafer;

d) thereafter, without removing said wafer from said

vacuum chamber, cooling said silicon surface
down to a second temperature low enough to per-
mit formation of a layer over said cleaned silicon
surface; and

e) then forming a layer on said cleaned silicon surface

of said semiconductor wafer in aid same vacuum
chamber while continuing said heating of said sili-
con surface to maintain said surface at said second
temperature.

23. The method of claim 22 wherein said hydrogen is
flowed through said vacuum chamber in step ¢ for a
period of at least about 0.5 minutes.

24. A method for processing a semiconductor water
having a silicon surface thereon to form a layer over
said silicon surface which comprises:

a) placing said wafer in a vacuum chamber;

b) flowing hydrogen through said vacuum chamber

while radiantly heating said silicon surface to a first
temperature of from about 800° C. to about 950° C.
to clean said silicon surface on said wafer to re-
move native oxides and any other contaminants
from said surface;

c) without removing said wafer from said vacuum

chamber, cooling said silicon surface down to a
second temperature of from about 550° C. o about
752° C. to permit formation of a layer over said
cleaned silicon surface: and

d) then forming a layer on said cleaned silicon surface

of said semiconductor wafer in said same vacuum
chamber while continuing said radiant heating of
said silicon surface to maintain said surface at said

second temperature.
x E 3 X x
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